Abstract Few studies have specifically examined the outcomes following rhBMP-2 usage in patients 65 years and older. The purpose of this retrospective study is to evaluate the efficacy of rhBMP-2 with allograft versus autograft for posterolateral lumbar fusion in patients 65 years and older. One hundred twenty-seven patients were divided into three groups based on fusion material and age. Subjects in group A (n = 34) consisted of patients 65 years and older who received rhBMP-2 and allograft. Group B (n = 52) was composed of patients under 65 years of age with rhBMP-2 and allograft. Subjects in group C (n = 41) were 65 years and older with autograft use. A comparison was made of fusion rate, fusion time (noticed, solid), clinical outcome, VAS, perioperative complications and revision rate between each group. The fusion rate and fusion time were similar in groups A and C; however, these were lower than that observed in group B. Clinical outcomes were similar amongst the groups. There were no significant differences in VAS and perioperative complication rate between groups A and C. In patients 65 years and older, rhBMP-2 with allograft may lead to acceptable fusion rates and fusion times, good clinical outcomes and reduced perioperative complications. The combination of rhBMP-2 with allograft yields equivalent outcomes as autograft in elderly patients undergoing instrumented posterolateral lumbar fusion. Additionally, when compared to patients under 65 years of age undergoing posterolateral lumbar fusion, the use of rhBMP-2 was not sufficient to overcome all aspects of the age-related weakened osteoinductive capacity encountered in elderly patients.
Introduction
Although spinal fusion surgery has become a common treatment for degenerative lumbar spinal disease, many studies have found it difficult to achieve a highly successful fusion rate and good clinical outcomes in the elderly population with autograft, the current gold standard, due to the presence of multiple restricting factors [1] [2] [3] [4] . For instance, patients aged 65 years and older require a greater amount of autograft for successful fusion because degenerative lumbar spine diseases usually occur at multiple levels in these patients. However, elderly patients generally have poorer bone quality and potentially less bone available for harvest when compared to their younger counterparts. Elderly patients may also have more overall health issues with multiple medical comorbidities that contribute to the difficulty of achieving a successful fusion with autograft. For these reasons, a number of studies have reported poor surgical outcomes in elderly patients when autograft is used as a bone grafting material [5] [6] [7] , thereby leading to the exploration of comparable alternatives. One possible alternative is to induce fusion with rhBMP-2.
In July of 2002, the US FDA approved the use of rhBMP-2 for anterior lumbar interbody fusion surgery (ALIF). Since then, many surgeons have used rhBMP-2 in off-label procedures [8] [9] [10] [11] . These studies have found that rhBMP-2 in the general patient population has similar or superior fusion outcomes as that of autograft [8] [9] [10] [11] [12] . However, few reports have specifically examined the outcomes of rhBMP-2 usage in patients 65 years and older. In this study, we have compared the clinical efficacy of rhBMP-2 with allograft in posterolateral lumbar fusion (PLF) surgery in patients ages 65 years and older to that of patients younger than 65 years undergoing the same procedure. These outcomes were also compared to those of patients in both age groups who underwent the procedure with autologous bone graft.
Materials and methods
After obtaining Institutional Review Board approval we searched our institution's medical record database for appropriate patients. Patients were included if they underwent instrumented PLF for the treatment of degenerative lumbar spine diseases between 2002 and 2006, if their procedure utilized rhBMP-2 with allograft (rhBMP-2 use group) or autograft only (autograft use group), and if there was at least 2 years of follow-up. Local bone autograft acquired during decompression was added to the fusion mass in all patients. Patients who underwent anterior or posterior lumbar interbody fusion, an uninstrumented PLF, or had less than 2 years of follow-up were excluded. Follow-up was performed postoperatively at 6 weeks, 3, 6, 9 and 12 months and 1 year intervals. Depending on individual patient factors, however, the follow-up period varied by several days.
Based on the above inclusion/exclusion criteria, 127 patients were enrolled in this study and were divided into three groups based on their age at the time of surgery and graft material. Group A (n = 34) was composed of patients 65 years and older who had received rhBMP-2 with allograft [mean age 74.1 ± 5.8 years (min 65, max 91); 18 male and 16 female; 5 smokers; 14 with osteoporosis; 18 with medical comorbidities; 12 revision surgeries; 17 multilevel fusions]. Group B (n = 52) was defined as patients less than 65 years with rhBMP-2 and allograft use [mean age 49.9 ± 11.2 years (min 17, max 64); 20 male and 32 female; 14 smokers; 6 with osteoporosis; 9 with medical comorbidities; 26 revision surgeries; 13 multilevel fusions). Group C (n = 41) was defined as patients 65 years and older with In accordance with WHO guidelines, osteoporosis was defined as having a T score less than -2.5 based on DEXA. All the patients with osteoporosis were taking bisphosphonates during the postoperative follow-up period. Smokers were defined as those who had continuously smoked for at least 1 year prior to surgery, as well as postoperatively. Patients with medical comorbidities were defined as those who were receiving treatment for two or more concurrent medical diseases of Li et al's [2] comorbidity definition, such as diabetes mellitus, hypertension and thyroid disease, etc. Revision surgeries were restricted to cases in which surgery was performed for pseudoarthrosis; surgeries due to infection and metal removal for irritation pain were excluded. Multilevel fusion was defined as cases in which more than two levels were surgically treated.
Groups A and B received allograft and rhBMP-2 (4.2 mg/2.8 ml for one-level, 8.4 mg/5.6 ml for two level, 12 mg/8.0 ml for three level and over), while groups C received iliac crest bone graft (ICBG). The presence of fusion was determined based on plain radiographs and dynamic lateral radiographs, which were interpreted by a blinded, independent musculoskeletal radiologist. Fusion was defined as the presence of bilateral bridging trabecular bone on plan radiographs with less than 3°of translation and less than 5°of angulation on flexion/extension views. CT scans were used as a secondary measure when bridging trabecular bone was not observed on plain radiographs. Fusion time was divided into two types, noticed fusion time and solid fusion time. Noticed fusion was defined as the first presence of bridging bone between two transverse processes in the fusion segment, while solid fusion was defined as the clear presence of a robust fusion mass with consolidated bridging bone.
In accordance with Kirkaldy-Willis criteria [13] , clinical outcomes were assessed based on a 4-grade system: 'excellent', 'good', 'fair' and 'poor'. 'Good' and 'excellent' were further classified as good results, and 'fair' and 'poor' were further classified as poor results. To assess the degree of pain improvement, VAS was measured preoperatively and postoperatively at 6 months, 1 year, and 2 years. The occurrence of perioperative complications was also evaluated.
A comparison was made based on fusion rate, fusion time (noticed, solid), clinical results, VAS, perioperative complication and revision rates. A comparison was also made based on the presence or absence of risk factors for Eur Spine J (2010) 19:924-930 925 pseudoarthrosis between the rhBMP-2 (group A) and autograft group (group C) in patients 65 years and older. The Fisher exact test was used to detect significant differences between fusion rates, clinical results and perioperative complication rates. The independent t test detected statistical significance between fusion times (noticed, solid), with a p value of less than 0.05 considered statistically significant. All statistical analyses were performed with SPSS (version 15, SPSS, Chicago, IL).
Results
Comparison of patients 65 years and older and patients under 65 years with rh-BMP2 (groups A and B, respectively)
The fusion rate was 82.4% (28/34) in group A and 94.2% (49/52) in group B (p = 0.146). Noticed fusion time was significantly greater in group A (95.7 ± 24.4 days) than in group B (83.7 ± 32.5 days, p = 0.010). However, there was no significant difference in solid fusion time between group A (259.1 ± 76.9 days) and group B (248.3 ± 77.3 days, p = 0.564; Table 2 ).
Comparison of rhBMP-2 versus autograft in patients 65 years and older (groups A and C)
There was no significant difference in fusion rate [82.4% (28/34) vs. 78.1% (32/41), p = 0.775], noticed fusion time (95.7 ± 24.4 days vs. 102.5 ± 24.5 days, p = 0.564), or solid fusion time (259.1 ± 76.9 days vs. 291.8 ± 68.8 days, p = 0.296) between groups A and C (Table 3) .
Multivariable analysis of patients 65 years and older with rhBMP-2 versus autograft (groups A and C)
Fusion rates between group A and C were, respectively, 87.5 and 79.2% in females; 82.4 and 75.0% post multilevel spinal fusion; 60.0 and 57.1% in smokers; 85.7 and 77.8% in patients with osteoporosis; 83.4 and 100% post-revision surgery; and 77.8 and 83.4% in patients with multiple comorbidities. There were no statistically significant differences in these fusion rates (p = 0.681, 0.495, 0.719, 1.000, 0.672, 0.706, respectively; Table 4 ).
Noticed fusion times between group A and C were, respectively, 98.1 ± 21.3 and 105.5 ± 26.6 days in females; 95.1 ± 27.6 and 101.8 ± 24.2 days post-revision surgery; 121.1 ± 32.3 and 127.6 ± 33.5 days in smokers; 98.5 ± 17.1 and 103.5 ± 21.1 days in patients with osteoporosis; 103.6 ± 19.8 and 103.5 ± 25.1 days in patients with multiple comorbidities; and 100.4 ± 22.9 and 97.5 ± 17.2 days post multilevel spinal fusion. These differences were not statistically significant (p = 0.393, 0.588, 0.677, 0.801, 0.516, 0.993, respectively; Table 4 ).
Solid fusion times between group A and C were, respectively, 256.8 ± 71.8 and 285.5 ± 66.7 days in females; 256.8 ± 71.8 and 256.8 ± 71.8 days post-revision surgery; 293.2 ± 61.9 and 294.1 ± 62.6 days post multilevel spinal fusion; 295.7 ± 99.6 and 319.6 ± 76.9 days in smokers; Fig 1a) . . Although the incidence of perioperative complications was higher in group C, there was no significant difference between groups (p = 0.254, Table 5 ).
Revision surgery rates in rhBMP-2 versus autograft groups (groups A, B, C)
The revision surgery rate was 16.7% (1/6) in group A, 0% (0/3) in group B, and 22.2% (2/9) in group C. There was no 
Discussion
There is still debate in the superiority and efficacy of the use of allograft alone versus autograft for instrumented posterolateral lumbar fusion. Although some surgeons [14, 15] reported that allograft alone may lead to the favorable fusion results in instrumented posterolateral fusion, most surgeons generally accepted [16] [17] [18] that allograft was inferior to autograft because allograft has a smaller number of osteocyte, osteoblast, and mesenchymal precursor cells, high possibility of infection and disease transmission. Therefore, there is a consensus that we need to find a material to increase the osteogenic potential as well as to decrease the possibility of infection or disease transmission. One option is to add rhBMPs to allograft. Although many studies have examined the spinal fusion rate using rhBMP-2 in the general population [8] [9] [10] [11] , few have specifically evaluated the efficacy in elderly patients. Overall, the use of rhBMP-2 has been found to have similar or slightly better outcomes when compared to the use of autogenous bone graft [8-11, 19, 20] . Multiple studies have additionally found that the success rates of PLF with autograft in patients 65 years and older are lower than those of patients under 65 years [5] [6] [7] . However, to our knowledge, only two articles specifically explore the fusion rate of rhBMP-2 in the elderly population [21, 22] , with success rates of 83.7 and 86.3%.
There were no statistically significant differences in fusion rates between the groups in our series. The fusion rate was 82.4 in patients 65 years and older with the use of rhBMP-2 with allograft in PLF, which is similar to the rates reported in previous studies [21, 22] . This rate is slightly higher than the 78.1% fusion rate noted in our elderly patients in the autograft group. Nevertheless, it was still less than the 94.2% fusion rate noted in patients under 65 years of age with rhBMP-2 use. Patients 65 years and older with rhBMP-2 exhibited a significantly prolonged noticed fusion time when compared to patients under 65 years of age with rhBMP-2. However, it was shorter than the noticed fusion times of elderly patients with autograft, even though this difference was not statistically significant.
The similarity between our fusion rates and those reported in prior studies suggests that the use of rhBMP-2 Fig. 1 a Mean VAS scores in each group at the different time intervals. There was a significant difference between subjects over (Group A) and under (Group B) 65 years of age at 2 year follow-up (p = 0.041). Asterisk denotes a statistically significant difference between groups. b Clinical outcomes in the rhBMP-2 groups were better in patients under 65 years of age (92.3% were 'good') than in patients greater than 65 years of age (85.3% were 'good'). This difference was not statistically significant (p = 0.184). c Clinical outcomes in patients over 65 years old were better in the rhBMP-2 group (85.3% were 'good') than in the autograft group (73.2% were 'good'). Again, this difference was not statistically significant (p = 0.414) with allograft is comparable to autograft, implying that rhBMP-2 with allograft may possibly be used as an effective alternative to autogenous bone graft in elderly patients undergoing instrumented posterolateral lumbar fusions. However, the efficacy of rhBMP-2 in patients 65 years and older is notably reduced when compared to its efficacy in younger patients. One possible explanation for rhBMP-2's decreased efficacy in older patients is the natural change that occurs with age. rhBMP-2 induces mesenchymal stem cells (MSCs) to differentiate into osteoblasts or osteocytes through a cascade effect. It was thus proposed that rhBMP-2 could lead to bone and fusion formation by inducing the differentiation of osteocytes in elderly patients. However, our results indicate that rhBMP-2, like autograft, has limitations in overcoming the possible physiological changes associated with aging, such as decreased bone metabolism, collagen synthetic activity and alkaline phosphatase synthesis [23] , and decreased differentiating capacity of aging osteoprogenitor cells [24, 25] .
Adding to the difficulty of inducing bone fusion in elderly patients is the common presence of vascular obstructive disease, secondary to diabetes mellitus and hypertension. Lack of vascular supply likely limits the neogenesis in the fusion bed and subsequently, osteocyte migration to the grafted material. This may be one mechanism whereby rhBMP-2 exhibits lower fusion rates in elderly patients, which cannot be overcome by rhBMP-2 alone. Thus, some authors have suggested the concomitant usage of growth factors to induce angiogenesis in future studies. Our series also illustrates the limited influence that various factors have on fusion rates when combined with age. When taking into account gender, number of levels being fused, and certain medical and orthopedic comorbidities, similar results were noted in patients without these fusion-related risk factors. The only variable that seemed to greatly influence fusion rates was smoking, which caused a significantly lower fusion rate of 60.0% with rhBMP-2 and 57.1% with autograft. Not only was fusion rate decreased with smoking and advanced age, but time to fusion was also prolonged significantly. This indicates that smoking may lead to poorer outcomes when compared to other risk factors in elderly patients.
Due to the multiple comorbidities commonly found in elderly patients, there have been reportedly mixed clinical outcomes in elderly patients' post-spinal surgery [1, [26] [27] [28] . However, despite a lack of statistical significance in our series, good results were seen in 85.3% of patients 65 years and older who received rhBMP-2. Although this figure was not greater than the 92.3% seen in patients under 65 years, it was greater than the 73.2% seen in patients 65 years and older who received autograft. In contrast to prior studies [26, 27] , our study seems to exhibit a correlation between clinical outcomes and fusion rates in elderly patients.
Successful fusion may be a positive factor for achieving desirable clinical outcomes in elderly patients. Although not addressed in our current analysis, achieving good clinical outcomes with rhBMP-2 may also be associated with shortened or non-existent bone graft harvesting time, reduced blood loss, and a relatively faster postoperative recovery than are usually associated with autograft usage.
There was no significant difference in VAS scores between the elderly and younger patients at 6 months and 1 year postoperatively. However, at 2 years postoperatively, elderly patients with rhBMP-2 had a significantly greater VAS score than their younger counterparts. This may be due to pain associated with aging or the development or advancement of other concurrent diseases.
One possible limitation of our study involves the controversy over the various methods used to determine the presence of solid fusion [10, 11, [19] [20] [21] [29] [30] [31] , since no definite or reliable methods have yet been established. In recent years, CT has been increasingly utilized in the assessment for fusion because it can clearly depict anatomical structures and connectivity between fusion masses [10, 11, [19] [20] [21] 30] . However, some studies have found that CT does not exhibit adequate reliability [29] [30] [31] , and its regular use in follow-up is further limited by its relatively high radiation exposure. Taking these factors into account, some have argued that surgical exploration is the only accurate modality to determine the presence of spinal fusion [29] . However, this is not a practical recommendation due to the risk of surgical morbidity and cost-effectiveness. We therefore mainly used plain films and dynamic radiographs to determine the presence of successful fusion. This presents another possible limitation of interobserver and intraobserver reliability, which we resolved by utilizing one independent, blind, fellowshiptrained musculoskeletal radiologist who was unrelated to the study.
One must also consider the degree as to which the allograft used in the rhBMP-2 group contributed to the successful fusions. Some studies have suggested that allograft alone may lead to favorable fusion results in instrumented posterolateral fusion [14, 15] ; however, most surgeons generally find allograft to be inferior to autograft in achieving fusion formation [16] [17] [18] . This is likely due to the fact that allograft contains fewer osteocyte, osteoblast, and mesenchymal precursor cells. Thus, the osteoinductive power or rhBMP-2 is evident in the equivalent fusion rates between the rhBMP-2 with allograft and the autograft groups.
Another limitation is the retrospective nature of our study, which may have caused demographic differences between our groups. The variety of diseases in our patients prior to treatment may have therefore limited the reliability of our statistical data. A large, randomized control study may be necessary to overcome these limitations.
Conclusion
In patients 65 years and older, rhBMP-2 may lead to acceptable fusion rates and fusion times, good clinical outcomes and reduced perioperative complications. The combination of rhBMP-2 and allograft yields equivalent outcomes as autograft in elderly patients undergoing instrumented posterolateral lumbar fusion. Additionally, when compared to patients under 65 years of age undergoing posterolateral lumbar fusion, the use of rhBMP-2 was not sufficient to overcome all aspects of the age-related weakened osteoinductive capacity encountered in elderly patients.
